I. Introduction
Climate change is a main and lasting change in the arithmetical distribution of weather patterns over long periods of time ranging from decades to millions of years. Climate change is caused by many factors both natural and human. The natural factors include; latitude, continental or marine location of an area, altitude, and topography. The latter includes burning of fossil fuel, deforestation; industrialization etc.This research was focused in Thaba-tseka and Mokhotlong districts, Lesotho highlands.Mokhotlongis found on 29°20´S 29°00´E.It consist of the highest terrain in the maluti range and source of the Senqu river, it is Lesotho's primary watershed. It has population of approximately 97,713 with an area of 4,075km².Thaba -tseka is found on 29°30´S 28°40´E with an area of 4,270km² and population of approximately 129,881.
Climate in Lesotho is temperate with the average rainfall over the entire country ranges from 300mm to 1300mm.The highest rainfall are recorded in the northern part of the highlands while in lowlands mean annual rainfall ranges between 650mm to 850mm (Lesotho meteorological services 2001). According to Reizebos and Chakela (1985) the temperature regime may form a serious constraint for annual crops especially the occurrence of frost early in the spring or in fall that forms important climatic factors determining agricultural potentials. In adding up the authors point out that, temperature can be hazardous to some crops especially in combination with the occurrence of limited amounts of soil moisture. For most of the year, the Lesotho climate is characterized by clear skies with a mean of 8. 8 hours of daily sunshine (NES, 2000) with great intensity because of the high altitude and the low levels of atmospheric pollution. Intergovernmental Panel on Climate Change ( IPCC) assessments indicate that most of the parts of the world are likely to experience negative impacts on food security e.g. disrupted farming could lead to falling crop yields in many regions, in case of health in tropical region, diseases might rise due to increased temperatures. No region is expected to escape the impacts of climate change, especially poor countries, such as Lesotho, whose majority populations are mainly dependent on natural resources for survival, are the most vulnerable to the negative impacts of climate change. In these countries, the impacts will directly and or indirectly affect human welfare and sometimes undercut the efforts to promote sustainable human development and environmental recovery. The country of Lesotho is heavily dependent on food imports to satisfy local consumption (Lesotho meteorological services 2001). There is need to research about how climate change has contributed to agricultural production in Lesotho.
II. Materials And Methods
The data from the department of meteorology services in Lesotho that is monthly rainfall, monthly minimum and maximum temperature of the past ten years was used from the year 2000 to 2010. The crop yields of maize, wheat and beans of the past ten years were used, from the year 2000 to 2010 this data was from Bureau of statistics and documentation from Ministry of Agriculture. A total of 100 farmers were interviewed using self administered questionnaires.
The regression analysis was used to show how independent variables of rainfall and temperatures affect crop yields. Pearson correlation was used to analyse effects of climatic parameters on crop production. Frequency distribution graphs were also used to analyse the distribution of rainfall, air temperature both minimum and maximum on crop production. . Error bars with mean and standard deviation were used to show distribution of monthly rainfall, minimum and maximum temperature in Mokhotlong and Thaba-tseka. Box plots were used to analyse crop production because they are most efficient graphics for examining data distribution and for making comparison between distributions. A frequency distribution analysis was used to analyse questionnaires and tables and graphs were produced.
III. Results And Discussion
The error bars are being used with Mean and Standard Deviation of monthly rainfall, minimum and maximum air temperature of Mokhotlong and Thaba-tseka districts. High standard deviation indicates that the data points are spread out over a large range of values. The low standard deviation indicates that the data points tend to be very close to the mean. Error bars are used to show distribution of monthly rainfall, minimum and maximum temperature in Mokhotlong and Thaba-tseka. The mean monthly rainfall of Thaba-tseka for ten years showed that mean rainfall varied every month, and generally increased from July to January. But, the mean rainfall slightly decreased in December. Rainfall was decreasing from January to June. The same pattern occurred in Mokhotlong district as shown in Figure 2 , where rainfall increased from July to January, and decreased from January to June From both figures it showed that high monthly rainfall (>50 mm) occurred during October to March, because Lesotho has a distinct rainfall season from October to April. Typically, 80% of the annual precipitation falls during this period, mainly from thunderstorms and instability showers (Sene et al.1998) , with peak rainfall from December to February. 
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In Thaba-Tseka district very little rain less than 20mm occurred in May to July, as well as in Mokhotlong district. The error bars shown in Figure 1 and 2 indicated the standard deviation of rainfall of each month every year. Big standard deviation (SD), shown by long error bar indicates high variation of rainfall in a particular month every year. In contrary, the short error bars indicates low standard deviation, as well as low variation of rainfall in a particular month every year. The Highest variation of rainfall at Thaba-tseka district occurred in January, with SD 48.9mm for Thaba-tseka. Rainfall distribution is strongly influenced by topographic variations (Seneetal.1998).According to Usman and Reason (2004) rainfall maybe particularly heavy over Lesotho if the cloud band only extends as far pole wards as eastern South Africa. According to (Richardson et al 2007; Tadesse et al 2008) illustrate that, rainfall over much of Southern Africa is highly variable both in space and time. This has major implications for human livelihoods, particularly for those areas where rural populations are reliant upon rain fed agriculture.
The standard deviation was very high and sensitive to crop production in both districts during these months August, October, November, December, January and February. The rainy season's start and its duration have been previously investigated for agricultural, to define the effective time to plant, to estimate the growing season's length, germination and seedling emergence (Benoit, 1977) .
Maize is an efficient user of water in terms of total dry matter production and among cereals it is potentially the highest yielding grain crop (Doorenbos and Kassam, 1988) . For maximum production a medium maturity grain crop requires between 500 to 800mm of water depending on the climate of the area (Doorenbos and Kassam, 1988) . According to Sprague and Dudley (1988) , maize can be grown in areas where the annual precipitation ranges from 250mm to over500mm.
But Nield and Newman (1990) reported that, under dryland farming, maize is generally not grown in areas receiving less than 600mm of annual precipitation. Stone et al. (1996) reports the maximum crop water use for maize as being around 600mm. Sommer et al (2013) show that the water requirement for wheat is about 600 mm per annum. In dry areas, where cultivation practices such as zero tillage and minimum tillage are practised, stubble mulching is recommended for moisture conservation. Frost can damage wheat, especially after the formation of ears in spring resulting in low yield. Beans cultivated under rainfed conditions the crop requires a minimum of 400 to 500 mm of rain during the growing season, but an annual total of600 to 650 mm is considered ideal (Liebenberg A.J. 2002) FAO report of (2008) showed thatthe climate change variables considered in the climate change and food security (CCFS) are gradual changes in precipitation: increase in the frequency, duration and intensity of dry spells and droughts changes in the timing, duration, intensity and geographic location of rain and snowfall, increase in the frequency and intensity of storms and floods greater seasonal weather variability and changes in start or end of growing seasons.This variability is not suitable for many crops.
UNEP report of (2006) showed that since 2001, consecutive dry spells in some areas of southern Africa have led to serious food shortages including Lesotho. If General Circulation Model (GCM) outputs are anything to go by, the ongoing droughts in southern Africa are not going to end any time soon. Indeed, the situation is expected to get worse with global warming. warmer and drier climate, characterised by increased frequency and intensity of El Niño events, will drastically reduce soil moisture and water runoff to rivers, thus hampering crop production which has a major influence on food security. figure 5 above; maximum temperature were in the three months being December, January and February ranging from 22°C to 25°C. The error bars showed high SD of 1.92°C in September and the lowest SD of 0.1 in January. The error bars of monthly minimum temperature for Thaba-tseka in figure 4 showed that in June and July temperatures were under 0°C, the high SD of 3.2°C in December and the low SD of 0.5°C in October. The mean maximum monthly temperature variation of Thaba-tseka varied slightly in different months. Figure 5 showed that the high maximum monthly temperature with SD of 3.7°C in June and low SD of 0.1°C in December. The minimum monthly temperature of Mokhotlong shown in figure 6 showed that for June temperature is under -3.7°C and July is -3.5°C.The high SD of 1.7°C in September and low SD of 0.4°C in October. Winters are dry, cold and dominated by high-pressure systems in Lesotho.
Temperature variability in Lesotho is influenced by both Indian and Atlantic oceans with wide differences. .According to Jones and Thornton, (2003)maize is a C4 crop and will be more tolerant of higher temperatures than a C3 crop such as beans; their results indicate that beans grown in almost all areas with Beans production ranged from 156 to 734 metric tons (mt), whilst 1113 to 7187mt for wheat, and 5151 to 9736 mt for maize. It showed in figure 7 that the production fluctuation of wheat and maize were higher than beans, shown by the whiskers interval of each commodity. High fluctuation means the inconsistency of production, which can suddenly decrease or increase. . This condition is very vulnerable for food security of any community in the world. Figure 7 Thaba-tseka crop production of beans, wheat and maize. from the year 2000 to 2010
The high production variation of wheat and maize indicates that those commodities were very vulnerable to production factors, including climate. Every plant has its own specific optimal temperature for growth and a temperature range in which it flourishonce temperatures outside this range are encountered, the plant suffers and growth slows (GA, 2003) . Thornton et al (2008) showed that,beans temperature driven yield increases will occur at higher elevations or up to average temperatures of about 20-22.8C. Beyond these temperatures, yields will tend to decline.Climate change variables influence biophysical factors such as plant growth, water cycles etc.The rate of growth and development of crops from planting to maturity is dependent mainly upon temperature. Maize is a crop with a rapid growth rate that yields best under moderate to warm temperatures. Cool temperatures slow down the progress to maturity and high temperatures hasten maturity (Brown, 1997) .
Warm temperatures are suitable for summer wheat (22 ° to 34 °C) and cool temperatures are suitable for winter wheat (5 ° to 25 °C). According to Wheeler et al (2000) showed that in general, an increase in mean seasonal temperature of 2 to 4 °C reduces the yield of annual crops of determinate growth habit, such as wheat.Seed yields are particularly sensitive to brief episodes of hot temperatures if these coincide with critical stages of crop development. Hot temperatures at the time of flowering can reduce the potential number of seeds or grains that subsequently contribute to the crop yield.
An ideal climate for planting wheat can be described as cool and moist, followed by a warm dry season for harvesting. Rainfall occurs mainly during the summer season but is extremely variable in quantity and timing. Rainfall is higher in the mountains but the cropping season is much shorter due to the early onset of frost which will be intensified by climate change. The following that is hail, frost, snow and drought cause significant risks for agricultural production in Lesotho.Africa By 2020, in some countries, yields from rain-fed agriculture could be reduced by up to 50%. Agricultural production, including access to food, in many African countries is projected to be severely compromised. This would further adversely affect food security (IPCC, 2007) . Figure 8 Mokhotlong cropproductionsof beans, wheat and maize from the year 2000 to 2010 The distribution of each commodity varied yearly especially for wheat and maize. Mokhotlong district had high fluctuation of maize production with the outlier of 17,315mt as compared to beans and wheat. The outlier means that there is particular period where the production was extremely higher. The extreme that is high or low crop production indicated the impact of climate change, where the production is not stable or gradually increase. Therefore, it could be concluded that maize production in Mokhotlong was vulnerable to climate change due to the extreme high maize yields. The Pearson correlation analysis results indicated that the correlation between crop production and climatic parameters in this study were very weak to moderate, since the r scores ranged from 0.023 to 0.489. The only moderate correlations are between beans production in Thaba tseka with both minimum and maximum temperatures, while others are weak to very weak correlations. These showed that climatic parameters (rainfall, maximum and minimum temperature) do not strongly effect crop production in Mokhotlong and Thaba-tseka means that there are other factors which are also affecting crop production. The decreasing or increasing of crop yield can be due to many reasons. In both districts farmers showed that the change in crop yields was affected by types of seeds followed by ploughing method and the variability of rainfall. Crop production can be increased by the use of quality seeds of high-yielding stresstolerant varieties, combined with judicious use of inputs, particularly water and nutrients (Rishi et al 2013) .Many farmers are still using traditional animal drawn by oxen when ploughing their fields.According to Johansen et al (2012) ,the traditional animal drawn country plough has low output and high unit cost of operation whilst tractors are better machinery Rainfall variability had resulted in crop yields decrease in other parts of the world.
Some of the countries in the world are experiencing prolonged droughts because of climate change. The droughts led to decrease of crop production especially under rain fed. Biazin et al (2012) showed that, rainwater harvesting and management (RWHM) technologies hold a significant potential for improving rainwater-use efficiency and sustaining rainfed agriculture in the region of Sub-Sahara Africa. Rainwater harvesting adaptations to climate change in SSA should blend rainwater harvesting ideals with agronomic principles.
Information dissemination is very important, Laukkonen et al (2009) show that the vulnerability of individuals and communities to climate change impacts is not simply determined by the location of their settlements, but also by how those settlements are serviced, how effective and capable their local governments are and to what extent communities are able to cope with climate change impacts. It is widely accepted that the poorest communities are the most vulnerable, because they lack access even to the most basic urban services placing them at a comparative disadvantage and challenging their capabilities to take on additional stresses caused by climate change.
IV. Conclusion
Climatic parameters (rainfall, maximum and minimum temperature) did not strongly affect crop production in Mokhotlong and Thaba-tseka. However other factors affecting crop production are those related to farmers' behaviour such as types of seeds used followed by ploughing method therefore there is a need for irrigated agriculture because it plays a vital role in providing general stability in the food production required to match with the population growth.
